I. In three human subjects, we measured the latency of pursuit and saccadlc eye movements made to an eccentric target after a fixated central target was extinguished. In one set of experiments, we varied the time interval between the extinction of the central target and the appearance of the eccentric target ( "gap duration").
I. In three human subjects, we measured the latency of pursuit and saccadlc eye movements made to an eccentric target after a fixated central target was extinguished. In one set of experiments, we varied the time interval between the extinction of the central target and the appearance of the eccentric target ( "gap duration").
In a second set of experiments, we varied the eccentricity at which the second target appeared.
2. Varying the gap duration produced similar changes in the latencies of pursuit and saccades. Gaps as short as 30 ms caused significant decreases in latency; progressively longer gaps produced shorter latencies, reaching a minimum for gaps of 150-200 ms. Over the range of gap durations used, the latencies of pursuit and saccades displayed the same dependence on gap duration.
3. Varying the eccentricity of the second target produced different effects on the latencies of pursuit and saccades. Saccade latenties increased when the eccentricity of the second target was decreased from 4" to OS', whereas pursuit latencies were not consistently altered. Despite these differences in the dependence on retinal eccentricity between pursuit and saccades, imposing a 200-ms gap between the extinction of the fixation point and appearance of the second target still reduced the latency of both.
4. Our results are consistent with the idea that the mechanisms underlying the release of fixation for pursuit and saccades have shared inputs but a different neural substrate. The common dependence on gap duration may indicate that a single preparatory input coordinates both types of movements. The different dependence on retinal eccentricity indicates that there are differences in the spatial organization of the premotor circuits that trigger the onset of the two types of movements.
INTRODUCTION
Although the properties and mechanisms underlying pursuit and saccadic eye movements are quite distinct, the initiation of both types of eye movements requires a break from fixation ( for reviews, see Keller and Heinen 199 1; Leigh and Zee 199 1; Lisberger et al. 1987; Sparks and Mays 1990) .
For saccades, the events preceding the initiation of the eye movement often have been studied by manipulating the temporal sequence in which visual stimuli are presented. In the standard paradigm, a second target is presented at an eccentric position immediately after an initial foveated target has been extinguished, eliciting saccades to the eccentric target at latencies of ms. However, if the first target is turned off a few hundred milliseconds before the new one appears ( the so-called ' 'gap paradigm' ' ) , saccadic latency is reduced (Fischer and Both 1983; Saslow 1967) . The magnitude of the reduction in latency depends on the exact duration of the gap interval, with maximal reductions oc-2822 curring for gap durations of -200 ms in both humans (Fi- scher and Ramsperger 1984) and monkeys (Fischer and Both 1983; Fischer et al. 1984) . These changes in latency are believed to occur because extinction of the fixated stimulus results in an early release of fixation, permitting saccades to be initiated more quickly when the eccentric target appears. It has also been proposed that this release of fixation is precipitated by a disengagement of visual attention (for review, see Fischer and Weber 1993) .
In addition to a general reduction in latency, the gap paradigm sometimes also leads to the frequent appearance of saccades at very short latencies ( -100 ms in humans, 70 ms in monkeys) the so-called "express ' ' saccades (Fischer and Both 1983; Fischer and Ramsperger 1984) . The occurrence of express saccades displays the same dependence on gap duration as other saccades (Fischer et al. 1984; Mayfrank et al. 1986 ), but, in addition, they display a dependence on the location of the visual target. For example, subjects do not make express saccades to targets at eccentricities less than -2', although introducing a temporal gap nonetheless reduces the latency of other, "regular" saccades (Weber et al. 1992) . Also, the frequency of express saccades increases with experience, but this increase is greatest for those retinotopic locations used in previous experimental sessions (Both and Fischer 1986; Fischer et al. 1984; Fischer and Ramsperger 1986; Rohrer and Sparks 1993) . Finally, express saccades are not observed if subjects are instructed to make saccades away from the visual target (the ' 'antisaccade" paradigm), although regular saccades still show reductions in latency with gaps (Fischer and Weber 1992; Reuter-Lorenz et al. 1991) . These effects indicate a linkage between the occurrence of express saccades and the retinotopic location of the visual target, consistent with the suggestion that the trigger for express saccades occurs within a topographically organized map (Becker 1989; Rohrer and Sparks 1993) .
For pursuit, the processes mediating the break from fixation are less well understood. The latency of pursuit is influenced by the speed (Carl and Gellman 1987) and contrast (Lisberger and Westbrook 1985) of the visual target, but these effects likely reflect properties of basic visual processing, rather than features of the mechanism for releasing fixation. More recently, it has been shown that the latency of pursuit is increased when the subject must decide which of two differently moving targets to track (Ferrera and Lisberger 1995 ) . The impact of such distracters on the latency of pursuit suggests a role for visual attention in the decision to initiate pursuit, but the functional relationship between attentional processes and the mechanisms responsible for initiating pursuit and saccades is not yet clear.
In a previous study in monkeys (Krauzlis and Miles 1996) , we addressed some of these issues by combining the step-ramp paradigm of Rashbass ( 1961) , commonly used to study pursuit, with the saccadic gap paradigm of Saslow ( 1967) . The structure of this hybrid paradigm allowed us to directly compare the effects of gap duration on pursuit and saccades, with the aim of assessing whether similar processes were involved in the release of fixation for the two eye movements. Indeed, we found that early extinction of a fixated target produced decreases in the latency of pursuit that exhibited a dependence on gap duration similar to that shown by regular saccades (Krauzlis and Miles 1994, 1996) . In the current study, we have applied this same paradigm to humans and again report shared effects on the latency of saccades and pursuit. However, we also show that pursuit latencies do not depend on the eccentricity of the visual target, whereas saccade latencies do. These results are consistent with the idea that the release of fixation for pursuit and saccades uses common inputs, but operates through different mechanisms.
METHODS
Data were collected from three human subjects (29, 32, and 55 yr old), all of whom had had extensive experience as subjects in eye movement studies. Two of the subjects (RK and FM) were also authors of the current study, whereas the third subject was unaware of the experimental design and served as our naive control. All procedures were approved by the Institutional Review Committee concerned with the use of human subjects, and all subjects gave informed consent.
Subjects were seated in a cushioned chair with their heads held motionless by means of chin and forehead rests. The position of the head was adjusted so that the eyes were located near the center of a magnetic field generated by a pair of 24-in. field coils. The horizontal and vertical positions of one eye were recorded with the electromagnetic induction technique (Robinson 1963 ) , using scleral search coils embedded in silastin rings (Collewijn et al. 1975) . Coils were placed on the eye after application of one to two drops of anesthetic (proparacaine HCl). Each subject participated in 10-l 1 sessions, each lasting 60-70 min. The AC current induced in the eye coil was processed with a phase detector circuit that provided separate DC voltage outputs proportional to horizontal and vertical eye position, respectively, with a corner frequency ( -3 dB ) at 1 kHz (CNC Engineering). These eye position signals were calibrated at the beginning of each recording session by having the subject fixate small target lights located at known eccentricities along the horizontal and vertical meridia. Peak-topeak 'voltage noise levels were equivalent to an eye movement of 1-2 min of arc.
Stimulus presentation
Subjects viewed 0.25' target spots presented on a translucent tangent screen located at a distance of 33.3 cm. Target spots were produced by projecting the image of a pinhole illuminated by a high-intensity light-emitting diode (LED). Two of the subjects (FM and GM) wore their normal spectacle corrections during experimental sessions. The third subject (RK), a myope, preferred to view the stimuli without corrective lenses. Subjects were in- Schematic diagrams of the experimental conditions. The subjects initially fixated a target centered on the screen (black line labeled " 1 st target' ' ) , which was extinguished after a random interval ( solid horizontal line becomes dashed). After a "gap" interval during which no targets were visible, the 2nd target appeared either to the left or to the right of the 1st target. On pursuit trials (A), the 2nd target appkared at an eccentric position ( ' 'position step" ) , moving at a constant speed of 20% toward the center of the screen. On saccade trials (B), the 2nd target remained stationary at the eccentric position. strutted to maintain fixation of a target spot located at the center of the screen until a second, eccentric, target appeared. During this fixation period, which had a randomized duration of l,OOO-1,500 ms, subjects were required to remain within 1.5' of the first target; this requirement effectively eliminated any trials that may have contained anticipatory saccades or slow drifts. If this requirement was not met, the fixated target was extinguished and the paradigm reverted to the fixation period after a 200-ms delay. Otherwise, the fixation point was extinguished, and, after a variable delay ( "gap" in Fig. 1 ), the second target appeared either to the left or the right of screen center. When the second target appeared, it either moved at a speed of 2O"/s toward the center of the screen, in which case the subject pursued the target (Fig. 1 A, " pursuit trials"), or it remained stationary, in which case the subject made a saccadic eye movement to it (Fig. 1 B, ' 'saccade trials" ) . Controlled movements of the second target spot were achieved by means of a mirror galvanometer system under negative feedback control positioned in the projection path (General Scanning, CCXlOl ) . The luminances of the targets and the background were 22.7 and 0.08 cd/ m*, respectively.
Experimental paradigms
We examined the effect of changing two variables associated with the paradigm described above. First, we varied the duration of the interval between the disappearance of the first target and the appearance of the second, indicated by the temporal gap in Fig. 1 . Second, we varied the eccentricity at which the second target appeared, indicated by the "position step" in Fig. 1 . We used gaps of 0, 30, 50, 100, 150, and 200 ms and eccentricities of 4.0, 2.0, 1.0, and 0.5'. In a first experiment, we presented only pursuit trials, and the second target always appeared at an eccentricity of 4' (although it could appear either to the left or right of screen center), but the gap duration was randomly varied. In a second experiment, we again varied only gap duration but presented only saccade trials, and the second target again always appeared at an eccentricity of 4'. Finally, in a third experiment, we presented both pursuit and saccade trials, but randomly varied the eccentricity at which the second target appeared, and used two gap durations, 0 and 200 ms.
Data collection and analysis
The presentation of stimuli, and the acquisition, display, and storage of data were controlled by a personal computer with the use of a real-time experimentation software package (REX) developed by Hays et al. ( 1982) . Voltage signals encoding the horizontal and vertical components of eye position, and the horizontal and vertical mirror position provided by transducers in the galvanometer systems, were low-pass filtered (&pole Bessel, -3 dB at 180 Hz) and then digitized to a resolution of 16 bits, sampling at 1 kHz (analog-to-digital converter: National Instruments) I All data were stored on disk (Wren Runner II SCSI disk) during the experiment and later transferred to a Unix-based system for subsequent analysis with the use of Silicon Graphics workstations.
An interactive analysis program was used to filter, display, and make measurements from the data. Signals encoding horizontal and vertical eye velocity were obtained by applying a 2%point finite impulse response (FIR) filter ( -3 dB at 54 Hz) to the signals encoding horizontal and vertical eye position. Signals encoding eye acceleration were then obtained by applying the same FIR filter to the signals encoding eye velocity. For detecting saccades, the computer applied a set of amplitude criteria to the eye velocity and eye acceleration signals. The analysis program scanned the eye velocity signals for each trial and flagged each data point with an absolute value >35"/s, a speed somewhat greater than the speed of the target but much lower than that associated with saccades, The program then scanned the eye acceleration signals for each trial, but restricted its examination to the data points adjoining the segments already flagged on the basis of the velocity criterion, If an unflagged data point adjacent to a flagged data point had an absolute value > 1,000"/s2, it too was flagged. The acceleration criterion was thereby used to extend the boundaries of the flagged segments without identifying additional segments. The investigator then viewed the individual trials and indicated the flagged segments corresponding to the first saccade occurring after the appearance of the second target. The computer recorded the onset time of each saccade, and these values were stored in a file that was later accessed for the purposes of generating histograms and calculating mean values and other statistics.
The onset of smooth pursuit eye velocity was determined for individual trials with the use of an algorithm adapted from Carl and Gellman ( 1987) , similar to a technique originally devised by Williams and Fender ( 1977) . With the aid of the analysis program, the investigator viewed eye velocity signals for each trial and identified two intervals, as shown in Fig. 2A . The first interval ( "baseline") had a duration of 96 ms and began with the movement of the second target. The computer determined the mean and standard deviation of the eye velocity data points within this interval, The second interval ( "response") also had a duration of 96 ms and began when eye velocity first exceeded 4 SD of the mean measured from the baseline interval. The computer performed a linear regression on the eye velocity data points as a function of time over the response interval and then determined when this linear function intersected the mean value of the baseline interval. The time comesponding to this intersection was marked as the latency of pursuit ( 142 ms for the example in Fig. 2A ). For individual measurements of both pursuit and saccade latencies, statistical significance of differences across gap conditions was assessed with the KruskalWallis test for multiple comparisons, with the use of commercially available software (BMDP Statistical Software).
One complication in analyzing the data from pursuit trials was that the initial change in smooth eye velocity was sometimes interrupted by early saccades. This problem was exacerbated when pursuit and saccade trials were interleaved and, for this reason, we examined the effects of gap duration on pursuit and saccades in separate experiments. For the experiments concerned with the effects of eccentricity on latency, we interleaved pursuit and saccade trials, because we wanted to be certain that differences between pursuit and saccade latencies here were not caused by collecting the data in separate sessions. Rather than exclude every trial in which the initial eye velocity was interrupted by an early saccade, we used the following strategy. First, in performing the linear regression on the eye velocity points in the response interval as described above, data points within the saccadic segment were excluded from the calculation. Second, if the measured latency of pursuit preceded the onset of the saccade by < 10 ms, the measures were discarded. Following this procedure, we excluded -11% of the trials from the analysis.
RESULTS

Dependence of pursuit latency on gap duration
The latency of pursuit was decreased by introducing a temporal gap between the extinction of the central target and the appearance of the eccentric, moving target. An example of this effect is seen in Fig. 2B , which shows profiles of average eye velocity recorded from subject RK with either no gap (thin black line) or a 200-ms gap (thick black line). Measurements of latency on individual trials indicated that the change in latency here averaged 27 ms ( 146 ms for nogap, 119 ms for a 200-ms gap, as indicated by the upwardpointing arrows).
The distributions of pursuit latencies obtained with various gap durations in all three subjects are shown by the histograms in Fig. 3 . Each histogram shows the number of pursuit responses with latencies ranging from 50 to 250 ms. The histograms are organized into three groups each showing six rows of data from one subject, and the left and right cohmns show the data obtained during leftward and rightward pursuit, respectively. The individual histograms within each group display the distribution obtained with a single gap duration (0, 30, 50, 100, 150, or 200 ms) . To facilitate comparisons, the mean latency obtained with a Oms gap duration is shown by the vertical dashed lines.
ln five of six cases (Fig. 3 , A-E), significant decreases in latency were observed with the shortest gap tested (30 ms), as indicated by the presence of square symbols (crosshatched), each signifying that a distribution is significantly different from the distribution obtained with a 0-ms gap duration (P < 0.05, Kruskal-Wallis) . Progressively longer gaps generally produced additional decrements in latency, but these were not always significant; this aspect of the data is indicated by the inverted triangle symbols, each signifying a distribution that is significantly lower than the one immediately above (P < 0.05, Kruskal-Wallis). A steady downward progression in latency as the gap duration was increased was less evident in subject GiM; for example, GM's rightward pursuit latencies showed a single significant decrement as the gap duration increased from 50 to 100 ms (Fig. 3 F) . In all cases, extending the gap duration from 150 to 200 ms produced no additional decrement in pursuit latency. The net decreases in average pursuit latency caused by increasing the gap duration from 0 to 200 ms for the six cases shown in Fig. 3 were 33 ms (A), 50 ms (B), 34 ms (C), 27 ms (D), 34 ms (E), and 28 ms (F). The mean decreases in latency for each gap duration, compared with the latencies obtained with no gap, were 10 ms (30-ms gap), 16 ms (50-ms gap), 28 ms ( lOO-ms gap), 32 ms ( 150-ms gap), and 34 ms (200-ms gap), averaged across the six cases shown in Fig. 3 .
Dependence of saccade latency on gap duration
The latency of saccades showed a dependence on gap duration resembling that of pursuit. The frequency distributions of saccade latencies with various gap durations are shown in Fig. 4 , using the same format as in Fig. 3 . Except for the case shown in Fig. 4E , significant decreases in saccade latency were observed with the shortest gap tested (30 ms), as indicated by those histograms flagged with square symbols. Longer gaps often produced additional decrements in latency, as indicated by those histograms flagged with inverted triangle symbols, although again, no additional decrements in saccade latency were observed when the gap duration was extended from 150 to 200 ms. The net decreases in average saccade latency caused by increasing the gap duration from 0 to 200 ms for the six cases shown in Fig. 4 were 43 ms (A), 44 ms (B), 49 ms (C), 36 ms (D), 38 ms (E), and 43 ms (F). The mean decreases in latency for each gap duration, compared with the latencies obtained with no gap, were 14 ms (30-ms gap), 22 ms (50-ms gap), 35 ms ( lOO-ms gap), 41 ms ( 150-ms gap), and 42 ms (200-ms gap), averaged across the six cases shown in Fig. 4 .
Comparison of dependencies of pursuit and saccade latencies on gap duration
The similarity of the effects for pursuit and saccades described above suggested that the latencies of pursuit and saccades may have displayed the same dependence on gap duration. To test this idea, we plotted pursuit latency as a function of saccade latency, as shown in Fig. 5 . Each of the three rows in Fig. 5 shows data from one subject, and the Zefi and right columns show the data obtained during leftward and rightward pursuit, respectively. Each data point represents a single gap duration, and it is evident that the latencies of pursuit and saccades tended to covary. The dashed oblique lines represent lines of unity slope, not linear regressions, but we have adjusted the intercept to minimize the mean squared error between the data points and the straight line. The data points in each plot lie near the line of unity slope, and a x2 test confirms that a linear model provides a good fit to the data in each case, as indicated by the Q value reported in each plot. This result demonstrates that we cannot rule out the possibility that the latency of pursuit and saccades display the same dependence on gap duration.
Dependence of pursuit latency on eccentricity
The histograms in Fig. 6 show the frequency distributions of pursuit latencies obtained when we varied the initial eccentricity of the second target. As before, the histograms are organized into three groups each showing six rows of data ' from one subject, and the left and right columns show the data obtained during leftward and rightward pursuit, respectively. The individual histograms within each group display the distributions obtained for a single eccentricity (4.0, 2.0, 1.0, or 0.5")) with a gap duration of either 200 ms (upward filled bars, "gap" ) or 0 ms (downward open bars, "no gap"). To facilitate comparisons, the mean latency obtained for a 4.0" eccentricity is shown by the vertical dashed lines.
A dependence of pursuit latency on the initial eccentricity of the second target was not always apparent, and, when it was, it was not always consistent from one case to another. In three cases (Fig. 6A, significant increases in latency when the target initially appeared at less eccentric locations, as indicated by the filled and open square symbols, each signifying a distribution that was significantly different from that obtained for a 4.0" eccentricity. Additional information is provided by the triangle symbols, each signifying that a distribution was significantly higher than the one immediately above. In other cases (Fig.  6A , 2.0"; E, 2.0"; F, 0.5"), there were significant decreases in latency when the target initially appeared at less eccentric locations (the inverted triangle symbols signify that a distribution was significantly lower than than the one immediately above), and in one case (Fig. 6D) , there was y10 significant effect of eccentricity. Finally, for each subject and eccentricity, the pursuit latencies obtained with a gap duration of 200 ms were significantly lower than the latencies obtained with no gap. This indicates that the retinal eccentricity of the target did not counteract the changes in pursuit latency caused by varying the gap duration.
Dependence of saccade latency on eccentricity
Varying the initial eccentricity of the second target changed the latency of saccades in ways that differed markedly from the effects on pursuit latency. The frequency distributions of saccade latencies obtained when we varied eccentricity are shown in Fig. 7 , with the use of the same format as in Fig. 6 . In every case, there were significant increases in latency when the target initially appeared at less eccentric locations, as indicated by those histograms flagged with filled and open square symbols. In contrast to the effects observed on pursuit, progressive decreases in retinal eccentricity produced progressive in- In four of the six cases (Fig. 8, B and D-F), the data lie along horizontal bands, reflecting the fact that saccadic latency, but not pursuit latency, was affected by retinal eccentricity. A x2 test confirmed that a linear model with unity slope did not provide a good fit to these data, as indicated by the Q values reported in each plot. In the remaining two cases (Fig. 8, A and C) , the x2 test indicated that some of the data could be described by a linear model with unity slope. However, the confidence levels were lower than for the dependence on gap duration (Fig.  5) , except for the 0-ms gap data (0) plotted in Fig. 8A .
Overall, these data demonstrate that the latency of pursuit is much less sensitive to retinal eccentricity than is the latency of saccades. Our results demonstrate that the latency of pursuit in humans can be decreased by the presence of a temporal gap between the extinction of a fixated target and the appearance of an eccentric moving target. This gap effect for pursuit displays strong similarities to the gap effect on saccades, which has been reported in previous studies and which we have repeated here. For pursuit, introducing a 200-ms gap reduced the latency by an average of 34 ms (range 27-50 ms), compared with the latencies obtained with no gap; for saccades, introducing a 200-ms gap reduced the latency by an average of 42 ms (range 36-49 ms). These decreases in pursuit latency are similar to those we obtained in a comparable study done on monkeys (Krauzlis and Miles 1996) , and the decreases in saccade latency are similar to those obtained in a large number of studies done on both humans and monkeys (for a review, see Fischer and Weber 1993). Dependence of latency on gap duration: comparison of pursuit and saccades. A and B: data from subject FM. C and D : data from subject RK. E and F: data from subject GM. In each graph, pursuit latency is plotted as a function of saccade latency, either for leftward (A, C, and E) or for rightward (B, D, and F) directions of target motion. Individual symbols represent the mean latency of pursuit and saccades for a given gap duration.
Dashed lines indicate slopes of unity, with the intercept adjusted to minimize mean squared error. The numbers in each graph report the Q value from a x2 test of the linear f-it. Error bars indicate 1 SD.
The amplitude of the decreases in pursuit latency depended on the exact duration of the gap interval, with maximal decrements obtained for gap durations of 150-200 ms. This dependence on gap duration is very similar to the findings of previous studies of the gap effect on saccades, which reported maximal decrements in latency for gap durations of -200 ms (Fischer et al. 1984; Mayfrank et al. 1986 ). Furthermore, by directly comparing the pursuit and saccade latencies obtained for different gap durations in our current experiments (Fig. 5) , we were able to demonstrate that both behaviors exhibited the same dependence on gap duration. This similarity suggests that the dependence of pursuit and saccade latency on gap duration resulted from a single process that is shared by both the pursuit and saccadic systems.
Our data are therefore consistent with the results of several previous studies indicating that the gap effect is not specific for saccadic eye movements. For example, the latency to initiate a manual reaction, as assessed with a key-press task, can be reduced by extinguishing the fixation stimulus 200-300 ms before the appearance of the target, although the degree of reduction is smaller than that observed for saccades ( Iwasaki 1990) , and negative findings in this task have also been reported ( Reuter-Lorenz et al. 1991) . Stronger evidence for a general gap effect has been provided by Mackeben and Nakayama ( 1993 ) , who showed that when subjects are asked to perform a vernier acuity task at an eccentric visual location, their performance is markedly improved by prior offset of a fixation point. Importantly, the improved performance in this perceptual task displayed the same dependence on gap duration as that shown by the latency of saccades (Mayfrank et al. 1986 ) and pursuit (Krauzlis and Miles 1996) . Together, these results argue that the processes underlying the gap effect are not contained exclusively within structures preparing for a specific movement.
Does the gap eflect for pursuit constitute express pursuit?
For saccades, the gap effect not only produces a general reduction in latency, but sometimes also leads to the frequent appearance of so-called express saccades (Fischer and Both 1983) . Our current data therefore raise the following question: are the changes in latency we have observed for pursuit best described as a gap effect or as the pursuit equivalent of express saccades; that is, express pursuit? The answer to this question depends largely on how one defines express saccades, and currently there is no consensus on a definition. Most commonly, express saccades are identified by their very short latencies and by their presence as a distinct peak in the distribution of saccade latencies (Both and Fischer 1986; Both et al. 1984; Fischer and Both 1983; Fischer et al. 1984; Fischer and Ramsperger 1984) . In our previous study in monkeys (Krauzlis and Miles 1996) , we obtained bimodal distributions of saccade latencies that we interpreted as consisting of express saccades and short-latency regular saccades. However, the distribution of pursuit latencies remained unimodal and showed a dependence on gap duration simi-AND F. A. MILES rightward n of saccade latencies: dependence on of the 2nd target. Conventions are the subject GM Latency (ms) Latency (ms) lar to that shown by the regular saccades. We therefore concluded that our data in monkeys provided evidence for a gap effect, but not for the occurrence of express pursuit. Contrary to this conclusion, a recent study has reported the occurrence of express pursuit in humans (Merrison and Carpenter 1995) . In the discussion of our previous results in monkeys, we considered at length the possible reasons for this discrepancy (Krauzlis and Miles 1996) and suggested that the most likely causes were either a species difference between monkeys and humans, or differences in the criteria used to identify express responses. Our present data confirm that the gap paradigm can produce qualitatively different effects in humans and monkeys, even when identical paradigms are used; in particular, we did not observe bimodal distributions of saccade latencies in humans. In this regard, our data resemble those of several other investigators who have also failed to obtain bimodal distributions of saccade latencies (Kingstone and Klein 1993; Reuter-Lorenz et al. 1991) . The absolute saccade latencies we observed for a gap of 200 ms averaged 118 ms across all three subjects, similar to the latencies previously associated with the occurrence of express saccades in humans (Fischer and Ramsperger 1984, 1986) , and the variance of the distributions decreased with longer gaps, another feature associated with express saccades (Fischer and Both 1983; Fischer and Ramsperger 1984) . To the extent that our present use of the gap paradigm produced express saccades, the corresponding effects on pursuit latency (e.g., Fig. 5 ) might therefore be viewed as express pursuit. However, we agree with some previous investigators that the shapes of the latency distributions do not provide a definitive method for identifying express saccades in humans (Kingstone and Klein 1993; Reuter-Lorenz et al. 1991) . For example, the latency of saccades is also influenced by the luminance of the visual targets, and these effects add linearly with the effects of gap duration (Both et al. 1984; Reuter-Lorenz et al. 199 absolute latency criterion would therefore require factoring in estimates of the effects of such visual properties on the latency.
Although species differences prevent us from making the same argument we made previously in discussing our data in monkeys, our current data on the effects of eccentricity may provide an alternative basis for assessing the status of express pursuit. In particular, our data (e.g., Fig. 7 ) confirm that the saccades made to targets at smaller eccentricities occur at longer latencies (Kalesnykas and Hallet 1994), as though there were a "dead zone" for the programming of express saccades (Weber et al. 1992) . In contrast, we found that the latency of pursuit was not consistently altered by the initial eccentricity of the visual target (Fig. 6) , consistent with the previous finding that presenting targets at eccentricities as large as 15" caused only small changes in pursuit latency (Tvchsen and Lisberger 1986) . Furthermore, a direct comparison of the effect of eccentricity on saccade and pursuit latencies demonstrates that there is generally no relationship (Fig. 8) . To the extent that express saccades can be characterized by a sensitivity to retinotopic location, our data therefore indicate that the gap effect for pursuit does not constitute express pursuit. On the other hand, pursuit and express saccades are similar in that they both depend critically on basic visual properties of the stimulus. For example, just as the physical presence of a visual stimulus is paramount for eliciting express saccades (express antisaccades are not observed) (Fischer and Weber 1992) , the physical motion of a visual stimulus is prepotent for generating pursuit (Mack et al. 1982) . Therefore, in the sense of being voluntarily initiated, yet strongly linked to an extant sensory stimulus, almost all pursuit eye movements might be viewed as express.
Possible mechanisms underlying the releuse of Jixation for . pursuit and saccades Regardless of whether or not the gap effect for pursuit constitutes express pursuit, our data provide additional information about the mechanisms responsible for releasing fixation. There is growing evidence that the release of fixation for saccades is mediated, at least in part, by the superior colliculus. For example, whereas lesions of the superior colliculus produce mild deficits in saccades overall, they produce permanent deficits in the ability to generate express saccades (Schiller et al. 1987) . It has been proposed that the underlying mechanism involves interactions between neurons in the caudal colliculus, which discharge during saccades (Schiller and Koemer 197 1; Sparks 1978; Sparks et al. 1976; Wurtz and Goldberg 197 1, 1972) , and neurons in the rostra1 colliculus, which discharge during fixation and pause during saccades (Munoz and Wurtz 1992, 1993a) . This suggestion is supported by observations that bilateral stimulation of the rostra1 colliculus blocks the occurrence of saccades (Munoz and Wurtz 1993b), whereas inactivation of this region increases the frequency of express saccades (Munoz and Wurtz 1993b) . Furthermore, recordings from neurons in the rostra1 pole of the superior colliculus show that the decrease in these cells' discharge follows the same time course as the gap effect on saccade latency, reaching a minimum firing rate -200 ms after the fixated target is extinguished (Dorris and Munoz 1995) . A basic feature of the proposed underlying mechanism (Munoz and Wurtz 1993a,b), schematized in Fig. 9A , is that the decision to make a saccade requires the conjunction of two processes: 1) a general release of fixation accomplished by decreasing activity in the rostra1 colliculus ( "release" ) , and 2) specification of the desired saccade by activity in the caudal colliculus ( "location" ) . The first process could reflect the impact on the saccadic system of a general gap effect, whereas the retinotopic organization of the second process could account for the spatial specificity associated with express saccades.
The distinction between these two processes suggested to underly saccade generation is similar to a distinction recently made between two classes of signals believed to guide pursuit eye movements. Although pursuit is primarily driven bv visual motion inputs, there is growing evidence that the 1 c wocade pursuit FIG. 9. Schematic diagrams of the processes underlying the initiation of saccadic and pursuit eye movements. A : proposed mechanism to explain how activity within the superior colliculus (SC) is involved with saccade generation (adapted and simplified from Munoz and Wurtz 1993a,b). B: 2 different types of inputs believed to underly pursuit eye movements (adapted from a model by Krauzlis and Lisberger 1994) . C: a suggested mechanism to explain how the release of fixation for pursuit and saccades might be related.
transmission of these visual signals over the pathways for pursuit is actively modulated. For example, it has been shown in the monkey that retinal position errors can cause smooth changes in eye velocity if imposed during pursuit, but not if imposed during fixation (Morris and Lisberger 1987). Likewise, high-frequency (>2 Hz) vibrations of a visual target elicit negligible tracking if imposed during fixation, but elicit large responses if superimposed on a constant velocity target motion (Goldreich et al. 1992) . Also, Grasse and Lisberger ( 1992) documented the case of a monkey that could use upward image motion to change pursuit eye speed, .but not to initiate pursuit. These effects provide a basis for distinguishing between those inputs that provide the direct drive for changing pursuit eye speed and those inputs that are used to modulate the access of such drive signals to the output motor pathways for pursuit. In some models of pursuit (Krauzlis and Lisberger 1994)) a portion of which is shown schematically in Fig. 9B , the initiation of pursuit requires both a "motion" input to drive the movement and a "gate" input to switch on the system. In addition, for ocular following eye movements, an analogous distinction has been made between "visual integration" and "visual detection" (Miles et al. 1986 ). The differences between these two putative inputs suggested to underly smooth eye movements closely parallels the functional differences between the inputs believed to underly saccadic eye movements outlined above.
On the basis of these similarities, as well as the shared gap effect demonstrated by our current data, we would like to provide a suggestion for how the decision processes underlying the initiation of saccadic and pursuit eye movements might be related (Fig. SC) . First, both types of eye movements involve specific processes that are needed to guide the particular movement. On the basis of the absence of a shared dependence on retinal eccentricity, we suggest that this class of inputs contains unique channels for the two types of eye movements (location for saccades, motion for pursuit). These inputs constitute the "drive signals" that can potentially determine the metrics (e.g., direction and speed) of the movement. Second, both types of eye movements also appear to involve other inputs that are necessary, but not sufficient, to initiate the movement. On the basis of our observation of a common gap effect on the latency of pursuit and saccades, we suggest that this class of inputs may be common to the two movements, although the immediate interface mediating their effects on the state of fixation may be specialized for each movement (release for saccades, gate for pursuit). These processes generate the "selection signals" that determine the appropriate mode of the movement (i.e., saccade and/or pursuit).
As indicated by the separate streams in the diagram for pursuit and saccades (Fig. 9C) , we suggest from our data that the release of fixation for pursuit occurs within a set of structures that are anatomically distinct from those that mediate the release of fixation for saccades. In particular, the structures involved in the decision to make a saccade are retinotopically organized with a reduced representation of the fovea, whereas the structures involved in the decision to initiate pursuit are not. Although the two mechanisms do not necessarily act independently (e.g., dashed arrow), one implication of this distinction is that the functional differences between fixation and pursuit may be invisible from the perspective of the saccadic system. Tentative support for this idea is provided by preliminary findings that neurons in the rostra1 pole of the superior colliculus apparently do not distinguish between fixation and maintained pursuit (Munoz and Wurtz 1993a), indicating that the term "fixation cells" may in fact be a slight misnomer.
Finally, the presence of gates within the pathways for pursuit and saccades may reflect a leitmotif in the control of movement. As suggested previously for ocular following (Miles et al. 1986 ), one function of such gates may be to shield the motor system from noisy inputs and thereby improve the stability of fixation. For voluntary movements such as saccades and pursuit, such gates may also serve to coordinate the motor consequences of cognitive processes such as target selection and visual attention. The presence of common inputs to the mechanisms underlying the release of fixation for pursuit and saccades might serve to direct the different modes of oculomotor control toward a single goal.
